Background: Several groups have reported that an elevated ratio of early (E) to late (A) diastolic filling velocities is observed in patients after heart transplantation. However, the mechanism has not been fully analyzed. Methods: Serial echocardiography and hemodynamic study were performed in 16 patients who had received heart transplantation and had no evidence of rejection during 1 month after the operation. Results: On Day 1 after the surgery, E/A ratio was higher and peak velocity of A wave was lower than normal range among the patients after heart transplantation. E/A ratio and peak velocity of A wave gradually normalized during 1 moth after the surgery. Meanwhile, early mitral annular velocity and pulmonary capillary wedge pressure remained within normal range during the study period. Conclusions: Longer ischemic time during heart transplantation procedure may cause atrial stunning, but it appears to recover within 1 month. We have to be alert to misinterpretation of this "psuedopsuedonormal" mitral inflow pattern early after transplantation.
Introduction
An elevated ratio of early (E) to late (A) transmitral filling velocity, consistently with a "restrictive" physiology, is typically seen in the advanced stage of left ventricular (LV) diastolic dysfunction among heart failure patients with reduced ejection fraction (EF) [1] . In recipients who received heart transplantation (HTx), several investigators have reported a possible association between diastolic dysfunction of LV and acute cellular rejection [2, 3] . Various Doppler echocardiographic indices of LV diastolic function have been proposed for noninvasive screening methods for allograft rejection. Among them, an elevated E/A ratio has been most commonly reported as a marker to detect acute rejection [4] [5] [6] , though its usefulness remains controversial [7] .
On the other hand, a transmitral inflow pattern also provides insights into left atrial (LA) mechanical function, and decreases in peak velocity of transmitral A wave may be a consequence of attenuated contractility of LA [8] . In fact, a transiently elevated E/A ratio has been observed after conversion of atrial fibrillation into sinus rhythm [9] , which usually normalizes after conversion because of the delayed and time-dependent recovery of atrial function [10] .
Pascale et al. recently reported that an elevated E/A ratio was observed in recipients who had received standard HTx procedure [11] . They attributed the filling pattern to impaired LA function after surgery, since they did not observe any other evidence for diastolic dysfunction in the transplanted LV. However, to our best knowledge, the time course of E/A ratio after HTx has not been examined thus far. Therefore, the aim of this study was to analyze the time course of various parameters that related to cardiac function during 1 month after HTx.
Materials and methods

Patient population
We included 21 consecutive recipients, who had received HTx between June 2006 and September 2011 and had been followed for at least 1 month at the University of Tokyo Hospital. Three recipients were excluded because of data insufficiency and two other patients were excluded because they had acute cellular rejection within 1 month after HTx. We finally enrolled 16 HTx recipients in this study. The institutional protocol for the monitoring of rejection with serial endomyocardial biopsy and hemodynamic measurement routinely begins 7 days after transplantation and then weekly in the first month. All patients had undergone standard procedure of HTx (1 patient with Lower-Shumway procedure [12] , and the other 15 patients with modified bicaval anastomosis technique [13] ) and were treated with a standard immunosuppressive regimen including one of calcineurin inhibitors, mycophenolate mophetil, and low dose prednisolone. Written informed consent was obtained from all patients and/or family members before HTx. The study protocol was approved by the Ethics Committee of Graduate School of Medicine, the University of Tokyo [application number 779 (1)].
Echocardiographic examination
Transthoracic echocardiography was performed during 1 month after HTx. Mitral diastolic flow velocities were recorded by pulsewave Doppler scanning from the apical four-chamber view with the sample volume positioned at the mitral valvular leaflet tips, and the peak Doppler velocity of early and late diastolic flow as well as deceleration time (DcT) were measured and the E/A ratio was calculated. Mitral annular tissue Doppler image measurements were performed from the apical four-chamber view with the sample volume positioned at the lateral mitral annulus, and the peak early diastolic mitral annular motion velocity (e ) was measured.
Statistical analysis
Each variable obtained through routine echocardiography of 1 post-operative week (POW), 2 POW, and 4 POW was Ages of recipient and donor are shown as mean and range.
compared with that of Day 1 after the operation (0 POW) by using a Dunnett's post hoc test when a repeated measure analysis of variance approved overall significance. Unless otherwise specified, all data were expressed as mean ± standard deviation. Probability was 2-tailed, with p < 0.05 regarded as statistically significant. All statistical analysis was calculated with PASW Statistics 18 (SPSS Inc., Chicago, IL, USA).
Results
Patients' baseline characteristics
We performed serial echocardiography in 16 patients who had received HTx. The mean age of donor hearts was 47.2 ± 14.7 years (ranged between 44 and 64 years), and the mean age of recipients was 41.4 ± 11.7 years (ranged between 20 and 59 years) ( Table 1 ). Total ischemic time of donor hearts was 242.4 ± 34.8 min.
Analysis of the variables related to the LV performance
Fig. 1 depicts values of peak E wave velocity and peak A wave velocity of the patients who received HTx. Peak E wave velocity remained within the normal range during 1 month after HTx. Peak A wave velocity was significantly smaller on the Day 1 after the surgery and gradually normalized in a time-dependent manner within 1 month (p < 0.01). E/A ratio was higher on Day 1 after the operation but reduced in a time-dependent manner (p < 0.01) and normalized at 1 month after the operation ( Fig. 2A ). Pulmonary capillary wedge pressure remained within the normal range during the study period ( Fig. 2B ). Representative serial recordings of transmitral flow velocity curves in the patients after HTx are shown in Fig. 3 , in which peak A wave velocity gradually increased in a time-dependent manner. DcT, E/e ratio, or peak e wave velocity did not significantly differ during the study period ( Table 2 ). Fig. 4 shows individual peak e wave velocity obtained from the patients aged 45 and 54 years and those of the patients aged between 55 and 64 years. Cutoff lines indicating LV diastolic dysfunction were also drawn [14] . As shown in Fig. 4 , peak e wave velocity did not consistently indicate diastolic dysfunction in any patients. None of the echocardiographic data of the one patient who received Lower-Shumway procedure were different from the data of those who received modified bicaval method.
Discussion
We demonstrated in this study that an elevated E/A ratio normalized during 1 month after HTx, which might be attributable to the time-dependent recovery of atrial contractility from stunning. Any observations on E/e ratio, peak e wave velocity, or PCWP did not support underlying LV diastolic dysfunction early after HTx. The preoperative condition of donor hearts was considerably preserved through our scrupulous screening, although hemodynamic and echocardiographic data about diastolic dysfunction in donor hearts were not fully available. We excluded two recipients who had acute cellular rejection during the study period. Acute cellular rejection is occasionally associated with diastolic dysfunction [2, 15] , and several indices obtained from echocardiographic examination such as elevated E/e ratio [6] , shorter DcT [4] , and higher E/A ratio [5] have been reported to have a correlation with cardiac rejection, although a systematic review has argued that no single diastolic index by echocardiography can be a good screening test in the prediction of cellular rejection after HTx [7] .
The mitral inflow pattern of restrictive physiology is characterized by increased filling pressure and shortened DcT especially in patients with reduced EF, but at the same time myocardial relaxation is almost always abnormal with markedly decreased mitral annular e velocity, which is less preload dependent [16] . In the VALIDD study, diastolic dysfunction was defined as e' wave velocity <10 cm/s for patients aged between 45 and 54 years, and <9 cm/s for patients aged between 55 and 65 years [14] . According to the criteria, most peak e wave velocities in our patients remained above the cutoff line of LV diastolic dysfunction during 1 month after HTx (see Fig. 4 ). The result suggests that there was no evidence of LV diastolic dysfunction among the recipients aged over 45 years perioperatively.
Elevated E/e ratio has been known as an important marker of LV diastolic dysfunction. The American Society of Echocardiography also reported that the E/e ratio is the most reproducible echocardiographic parameter to estimate pulmonary capillary wedge pressure (PCWP), and lateral E/e ratio over 12 represents higher LV filling pressure [1] . There was only one patient with lateral E/e over 12. However, a recent study showed that E/e ratio cannot necessarily be an alternative index for LV filling pressure such as PCWP [17] . In our observation, PCWP, which was a classical and direct index for LV diastolic dysfunction [18] , was not as high as the level of diastolic dysfunction among all HTx recipients. The results of E/e ratio, peak e wave velocity, and PCWP suggest no diastolic dysfunction in our patients who received HTx. Higher levels of B-type natriuretic peptide are another standard marker of diastolic dysfunction [19, 20] , but the plasma concentrations of Btype natriuretic peptide generally elevate above normal range until 3 weeks after the cardiac operation despite no obvious cardiac impairment [21] , and therefore, cannot be a reliable marker early after HTx.
The American Society of Echocardiography reported that the mitral A wave velocity reflects the LA-LV pressure gradient during late diastole, which is affected by not solely LV relaxation but also LA contractile function [1] . In our study, all recipients underwent Lower-Shumway [12] or modified bicaval anastomosis technique [13] , and in both procedures a piece of recipient's LA and an LA-LA anastomosis line were left. Some authors argued that decreased LA contraction after HTx with LA-LA anastomosis was related to the reduced contractility of the resultant recipient's atrium [22] or the asynchronous contraction of the donor and recipient's atrium [23] . In fact, Pascale et al. demonstrated that the higher proportion of the recipient LA cuffs to that of donor heart correlated with decreased A wave velocity, i.e. decreased overall LA contractility [11] . Their candidates who had decreased LA contractility after HTx had over 60% of recipient's LA in overall LA volume. However, we routinely leave only a small piece of recipient's LA in HTx procedure, and recipient's LA may be less influential to overall LA contractility after HTx. In other words, there would be other mechanisms that made LA contractility decreased after HTx in our population.
Considering the time-dependent reversibility of A-wave velocity in our study, a major cause of transiently impaired atrial function may be an atrial stunning due to exposure to several hours of ischemia. Braunwald et al. for the first time defined myocardial stunning as a phenomenon that an ischemic insult not of sufficient severity or duration to produce myocardial necrosis would interfere with normal myocardial function for prolonged periods even after reperfusion [24] . Some studies also reported that decreased peak A-wave velocity due to atrial stunning in patients with atrial fibrillation recovered time-dependently after conversion to sinus rhythm over 1 month [9, 10] . Therefore, the elevated E/A ratio after HTx may be the result of the impaired contractile function of LA.
It is well known that 20% of cerebrovascular complications, the majority of which was ischemic stroke, occurred within the first two weeks after HTx [25, 26] . This observation may also advocate a concept of transient LA stunning early after HTx. In fact, "moyamoya echo" indicating atrial stunning was observed in 6 cases especially within 1 week after HTx. Fortunately, there was no thrombosis in all our recipients after HTx thanks to the administration of antiplatelet agent. Careful observation by transthoracic echocardiography or transesophageal echocardiography would be recommended for the recipients with severely decreased A wave amplitude after HTx in order to detect atrial thrombus precociously.
We acknowledge that our study has several limitations. This study was conducted in a single center, and consequently included a limited number of patients because of a shortage of donor hearts in Japan. We expect the number of HTx will increase due to the amendment of organ transplantation law in July 2010 and strengthen our analyses. Also, blood flow during atrial contraction moves largely back into pulmonary veins in the case of LV diastolic dysfunction. Although several other indices including peak e wave velocities and PCWP did not consistently suggest LV diastolic dysfunction, we have to admit that we lack data about pulmonary venous flow.
In conclusion, an elevated E/A ratio appears soon after HTx but normalizes within a month. This knowledge would be useful to avoid misinterpretation of acute cellular rejection or actual diastolic dysfunction especially in the early postoperative period. The elevated E/A ratio may be attributable to atrial stunning caused by long ischemic time during HTx procedure.
